Abstract Maternal psychosocial stress is an important risk factor for preterm birth, but support interventions have largely been unsuccessful. The objective of this study is to assess how support during pregnancy influences preterm birth risk and possibly ameliorates the effects of chronic stress, life event stress, or pregnancy anxiety in pregnant women. We examined 1,027 singleton preterm births and 1,282 full-term normal weight controls from a populationbased retrospective case-control study of Los Angeles County, California women giving birth in 2003, a mostly Latina population (both US-born and immigrant). We used logistic regression to assess whether support from the baby's father during pregnancy influences birth outcomes and effects of chronic stress, pregnancy anxiety, and life event stress. Adjusted odds of preterm birth decreased with better support (OR 0.73 [95%CI 0.52, 1.01]). Chronic stress (OR 1.46 [95%CI 1.11, 1.92]), low confidence of a normal birth (OR 1.57 [95% CI 1.17, 2.12]), and fearing for the baby's health (OR 1.67 [95%CI 1.30, 2.14]) increased preterm birth risk, but life events showed no association. Our data also suggested that paternal support may modify the effect of chronic stress on the risk of preterm birth, such that among mothers lacking support, those with moderateto-high stress were at increased odds of delivering preterm (OR 2.15 [95%CI 0.92, 5.03]), but women with greater support had no increased risk with moderate-to-high chronic stress (OR 1.13 [95%CI 0.94, 1.35]). Paternal support may moderate the effects of chronic stress on the risk of preterm delivery.
Introduction
As the leading cause of infant mortality and a significant contributor to long-term health issues, preterm birth persists as a major public health problem in the United States and internationally. The prevalence of singleton preterm births in the U.S. is currently around 12.5%, an 18% increase since 1990 (Martin et al. 2006) . Despite many known risk factors, prevention efforts have not succeeded in reducing the prevalence of preterm birth (Committee on Understanding Premature Birth and Assuring Healthy Outcomes 2007).
Studies of maternal psychosocial stress have mostly shown positive associations with preterm birth (Badr et al. 2005; Hedegaard et al. 1996; Hobel et al. 2008; Hoffman and Hatch 1996; Rini et al. 1999; Rondo et al. 2003) . Chronic stress, pregnancy-specific anxiety, stressful life events, and physical stress have all been associated with increased risk (Dole et al. 2003 (Dole et al. , 2004 Hobel and Culhane 2003; Hogue et al. 2001) , with relatively consistent positive associations for chronic stress (Copper et al. 1996; Dole et al. 2003; Hedegaard et al. 1993; Hobel et al. 2008; Nordentoft et al. 1996; Paarlberg et al. 1995) and pregnancy-specific anxiety (Rini et al. 1999; Roesch et al. 2004; Wadhwa et al. 1993) . The literature describes several plausible biological mechanisms, including activation of the neuroendocrine system, increasing susceptibility to infections, and stimulation of inflammatory processes that can trigger early parturition (Dudley 1999; Hobel 2004; Kramer et al. 2001; Wadhwa et al. 2001) . Maternal stress results in increased cortisol and corticotrophin-releasing hormone (CRH), some of which passes into the fetal system (Dudley 1999; Hobel 2004; Sandman et al. 2006; Wadhwa et al. 2001 Wadhwa et al. , 2004 Weinstock 2005) . Elevated CRH levels may initiate premature labor, reduce placental perfusion, and/or increase the release of cortisol (Knackstedt et al. 2005; McLean and Smith 2001; Ruiz et al. 2002; Sandman et al. 2006) . Chronic stress also can stimulate a pro-inflammatory immune response and impaired growth hormone secretion (Dudley 1999; Knackstedt et al. 2005; Wadhwa et al. 2001) . Beyond its direct physiological effects, stress may also lead to poor health behaviors, such as smoking, lack of physical exercise, and poor diet (Kramer et al. 2001) .
Although a few studies have suggested that social support from a woman's network of family and friends, her neighborhood environment, and her intimate partner mitigate negative effects of stress during pregnancy (Collins et al. 1993; Dole et al. 2003; Elsenbruch et al. 2007; Feldman et al. 2000; Rothberg and Lits 1991) , the majority of studies have not shown that such support reduces the risks of preterm birth (Bryce et al. 1988; Hedegaard et al. 1996; Villar et al. 1992) . All of these studies were clinic-based rather than population-based, and many had limited statistical power due to small sample sizes or low prevalence of preterm birth. Additionally, most studies focused on only one or two measures of stress, making it difficult to draw conclusions about the effects of different types of stress. Here, we present the results from a population-based case-control study of 2,309 women who resided in Los Angeles (LA) County, California and gave birth in 2003. In a structured questionnaire, we ascertained information retrospectively about chronic stress, pregnancy anxiety, stressful life events, and paternal support during pregnancy. We examined associations between these measures of stress and preterm birth for the population as a whole and for immigrant and US-born Latinas in particular. In the first large-scale epidemiologic study of support in pregnancy, we explored the potential protective influences of paternal support directly on outcomes and as a modifier or buffer of stress effects.
Methods

Subject selection
The UCLA Environment and Pregnancy Outcomes Study (EPOS) is a case-control study nested within the year 2003 birth cohort of all women who resided in select zip codes of LA County (Ritz et al. 2007 ). The primary goal of EPOS was to study the effects of ambient air pollution on adverse birth outcomes. We used California State and LA County electronic birth certificate records to select live singleton births to mothers residing in zip codes near air pollution monitoring stations and/or major roadways. We included all cases of preterm birth (<37 weeks completed gestation) and low birthweight (<2,500 g) from zip codes located near air monitoring stations, and a random sample of 30% of cases from the remainder of the selected zip codes. Controls (fullterm, normal weight babies) were matched to cases based on birth month, month that data were received from the county health department, and zip code set, for a total sample of 6,374 women. We reached and enrolled 2,543 of these women (40% response rate) approximately 3-6 months after delivery. Mothers were interviewed in English or Spanish by telephone, by mail survey, and during home visits. Information about maternal age, race/ ethnicity, education, birthplace, parity, baby's sex, prenatal care payment source, and complications of pregnancy 1 and delivery was obtained from birth certificates. The EPOS survey questionnaire provided detailed information on other risk factors such as smoking, alcohol consumption, and psychosocial factors. We used multiple imputation software (Raghunathan et al. 2002) to impute missing data on family income and maternal education based on individual and census block group characteristics. This work was approved by the UCLA Office for the Protection of Human Subjects and the California Committee for the Protection of Human Subjects.
To examine the potential for selection bias, we compared the distributions of demographic factors reported on birth certificates for survey responders versus non-responders, and found that the distributions were similar for the risk factors considered, except there were slightly more nonHispanic whites, educated mothers, and US-born women among the responders (Ritz et al. 2007) . For the analyses presented here, we excluded one woman who identified herself as widowed because paternal support during pregnancy in this case was not defined, leaving for analysis 1,027 preterm births and 1,282 full-term normal weight controls (total N=2,309).
Stress and support assessment
We collected information on many known risk factors for preterm birth, and on the physical and psychosocial environment during pregnancy. Because the focus of the survey was environmental exposures, we used only a subset of items from each stress and support scale to reduce the burden on respondents. Paternal support was assessed using three questions from an instrument developed by one of the authors, and used in previous studies of pregnancy outcomes in LA County (Collins et al. 1993; Feldman et al. 2000; Turner et al. 1990 ). Specifically, we asked how often the baby's father showed he cared about her, criticized her, and supported her financially while she was pregnant. Response options were provided as a five-point Likert scale (never, almost never, sometimes, often, almost always), and we summed across all items to generate a cumulative total support score. Scores ranging from 3-8 were categorized as "Low" paternal support, while scores of 9-15 were "Moderate to High" paternal support (i.e., an average response of "sometimes" or more frequent support for each question). Moderate support (scores 9-11) was combined with High support (scores 12+) because effect estimates were similar for these groups.
The measures of stress during pregnancy employed here were also used previously by one of the authors and have been validated in English and Spanish in birth outcomes research (Dominguez et al. 2008; Rini et al. 1999; Roesch et al. 2004; Wadhwa et al. 1993) . For each of the three stress measures, we selected a subset of the original items for brevity based on analyses of other pregnancy data sets indicating that these items were most predictive of adverse birth outcomes (Rini et al. 1999) . The survey included two items on pregnancy anxiety (fearfulness for the baby's health, and lack of confidence of a normal birth; Rini et al. 1999) , and four questions from the Perceived Stress Scale (PSS), a validated instrument measuring perception of stress (Cohen et al. 1983) ; which is referred to here as "chronic stress". We asked how often the woman felt: (1) she was able to control the important things in her life, (2) had difficulties piling up so high she felt she could not overcome them, (3) she was confident about her ability to handle her personal problems, and (4) things were "going her way" during her pregnancy. Chronic stress responses were recorded on a five-point Likert scale (never, almost never, sometimes, fairly often, very often) and summed to create a score (4-8 low, 9-12 moderate, 13-20 high stress). We also asked whether six major stressful life events occurred during pregnancy (losing a home or job, major conflicts with partner, having a close person experience substance abuse, alcohol, medical or legal problems, having a close person die, being threatened with physical harm, and having felt discrimination based on race/ethnicity). Life events responses were summed and we counted one event as "moderate life event stress", and two or more events as "high life event stress".
Statistical methods
We examined the relations between paternal support, stress, pregnancy anxiety, and preterm birth using crude and adjusted logistic regression models. We tested the influence of some well-known risk factors, including maternal age (<20, 20-24, 25-29, 30-34, 35+ years) , race/ethnicity (NonHispanic White, Hispanic/Latina, Black, Asian/Other), education (≤8, 9-11, 12, 13-15, 16+ years), parity (0, ≥1), annual household income (<$40,000/year, ≥$40,000/year), marital status (married, living with partner, single/separated/ divorced), birthplace (US-born, foreign-born), smoking status (pregnancy smoker, former smoker, never smoker), alcohol use during pregnancy (yes, no), timing of prenatal care (beginning in first trimester, or after first trimester/no prenatal care), and payment source for prenatal care as a proxy indicator for socioeconomic status (private insurance or self pay vs. other insurance or no insurance) on relations between support, stress and preterm birth (Table 1) . Additional confounders considered include the baby's sex, whether or not the mother worked outside the home, physical job stress based on job title, last live birth within the past year, having a previous preterm birth, pre-pregnancy BMI, living with one or more smokers, urogenital infections, and relevant pregnancy complications.
Adjustment for factors we included in our final modelsmaternal age, race/ethnicity, and marital status-changed the main support effect estimates by approximately 5% in our model of support and chronic stress. Other risk factors did not change the effect estimates for support by more than 3% or had missing data that we could not reasonably impute (e.g., pre-pregnancy weight), and were therefore left out of the final models. Addition of the final risk factors or any other risk factors considered did not change the effect estimates and confidence intervals for the stress measures substantially.
Results
Nearly 80% of the women in our study were married (55.8%) or living with a partner (23.3%) during their pregnancy, and more than 50% were born outside the US, mostly in Mexico (Table 1) . Over 65% identified as Hispanic/Latino, 17% as Non-Hispanic White, 7% as Black, and the remainder of the women were Asian (including Chinese, Japanese, Korean, Vietnamese, Cambodian, Thai, Laotian, Filipino, Indian, other Asian) or Other (Native American and others). Higher odds of preterm birth were seen among Blacks and Latinas, in the youngest and oldest age groups, unmarried women, and women from low-income families. Few women reported smoking or drinking alcohol during pregnancy, and most received prenatal care beginning in the first trimester.
Smoking and late start to prenatal care also showed positive associations with preterm birth, but alcohol use showed no association in crude models, likely due to low frequency. Only 8% of women had low support scores, and 37% and 14% reported moderate and high levels of chronic stress, respectively. Twenty-nine percent reported having experienced one of the six stressful life events during pregnancy, and 23% reported two or more life events (remainder experienced none). Commonly reported life events included having a serious argument with her partner (30.4%) and having a close person experience substance abuse, medical, or legal trouble (19.0%).
Women reporting low support and/or high levels of chronic stress were more likely to be young, less educated, Black or US-born Latina, single, separated, or divorced, and of low SES (based on household income or prenatal care payment source; Table 2 ). These women were also more likely to report life events during pregnancy. Black mothers reported the most chronic stress (21.6% high stress), as well as having experienced more stressful life events, including experiencing racial discrimination during pregnancy more often than any of the other race groups (5.7%). Women aged 35 or older and those with lower household incomes were also less confident about having a normal birth and more fearful for the health of the baby (results not shown).
Among Latina mothers in our study, 71% were foreignborn, mostly in Mexico. However, US-born Latinas reported more life events during pregnancy (29.6% with 2+ events, compared to 19.1% of foreign-borns) and somewhat higher chronic stress (19.1% vs. 14.9% of foreign-borns; Table 3 ). US-born Latina mothers were also more than twice as likely to report having low support (14.3%) compared to foreign-borns (6.2%). However, similar high levels of support were reported among those Effect sizes of the various stress measures were similar comparing US-and foreign-born Latinas, except US-born Latinas appeared to have stronger associations between high chronic stress and preterm birth. In adjusted models, high chronic stress was associated with an 83% increased odds of preterm birth (95%CI 1.08, 3.11) among US-born Latinas, compared to a small and statistically not significant 26% increased odds among foreign-born Latinas (95%CI 0.89, 1.87; Table 4 Odds of preterm birth decreased with better support in both crude (cOR 0.67 [95%CI 0.50, 0.91] ) and adjusted models (aOR 0.73 [95%CI 0.52, 1.01] ). To test whether support modified the stress-outcome response, we stratified models of chronic stress by support, adjusting for age, race/ ethnicity, and marital status. Paternal support appeared to mitigate the effects of chronic stress on preterm birth, although confidence intervals were wide. Among women lacking support, those experiencing moderate-to-high levels of chronic stress had higher odds of preterm birth (aOR 2.15 [95%CI 0.92, 5 .03]) compared to those with low stress. In contrast, chronic stress did not increase the risk of preterm birth within the group of women with moderate-tohigh support (aOR 1.13 [95%CI 0.94, 1.35] ). Using interaction terms in our adjusted regression models with a main effect for chronic stress but no main effect for support resulted in a p value of 0.14 for the interaction term. The odds ratios for preterm birth for the other stress measures were similar across the two support strata.
Discussion
Our study is the first to provide information on paternal support and several types of stress in a large-scale epidemiologic study of adverse birth outcomes, and may be especially informative for studying US-born and immigrant Latina populations in the US. We found low paternal support and chronic stress during pregnancy to be potential risk factors for preterm birth, while women with moderate-to-high levels of support had better outcomes than those with low support. While adjusting for chronic stress and pregnancy anxiety measures moved the effect estimates for paternal support toward the null, the adjusted odds ratios still suggest a protective effect of partner support on preterm birth. Stressful life events were not related to preterm birth risk in our data.
Our study replicated findings from our previous studies of preterm birth using the same PSS and similar measures of pregnancy anxiety (Committee on Understanding Premature Birth and Assuring Healthy Outcomes 2007; Lobel et al. 1992; Rini et al. 1999) . A recent North Carolina study also found an increased risk of preterm birth with increased pregnancy anxiety and depression, but did not measure chronic stress (Dole et al., 2003) . Although measures of chronic stress and pregnancy anxiety differed somewhat across studies, published studies are suggestive of a positive association with preterm birth similar to ours (Borders et al. 2007) .
Previous studies of life event stress have reported both positive or null associations with preterm birth (Committee on Understanding Premature Birth and Assuring Healthy Outcomes 2007; Dunkel- Schetter and Glynn 2010; Hoffman and Hatch 1996; Khashan et al. 2009; Lu and Chen 2004;  Nordentoft et al. 1996; Obel et al. 2003) . In particular, two large-scale studies reported risk increases when life events were weighted according to their perceived impact. First, a prospective study in North Carolina (Dole et al. 2003) reported increased risk with life events with negative impact in primiparae recruited from prenatal clinics at or before 24-30 weeks of gestation. Similarly, a Danish study of women from a hospital-based antenatal care program found that life events occurring between 16 and 30 weeks of gestation and perceived as highly stressful increased preterm birth risk (Hedegaard et al. 1996) . Our null findings are not necessarily surprising. We believe to have selected six life events of most relevance to our participant sample and region. However, it seems likely that we missed identifying some of the most upsetting events because we did not ask about all events of importance during pregnancy, could not weigh each item by its perceived impact, and could not assess which events occurred during the most critical time windows for preterm birth. We would have expected more life events to be recalled by women with adverse birth outcomes in an attempt to explain these outcomes, such that recall bias would have produced biased positive associations and not the reverse as observed here. On the other hand, our study may not have been able to recruit women who experienced the most severe life events (i.e., severe events followed by an adverse pregnancy outcome may have caused some response bias). Nevertheless, our results agree with those previous studies, some prospective, that did not identify an increased risk for life event stress (Hoffman and Hatch 1996; Lobel et al. 1992; Nordentoft et al. 1996; Pagel et al. 1990) .
Previous birth outcomes studies of support have generally reported no associations for preterm birth. The Danish (Hedegaard et al. 1996) study reported that social support did not buffer the detrimental effects of life event stress on preterm birth. The New Zealand study (Pryor et al. 2003) using the Family Support Scale (Dunst et al. 1984) found no effect of formal social support (e.g., school-or communitybased programs, and professional services) on small for gestational age (SGA) risk, but found that informal social support (e.g., friends, family and partners) was protective for SGA; however, the association disappeared after adjustment for race/ethnicity. A recent Cochrane review of support intervention studies found no effect on gestational age (Hodnett and Fredericks 2003) . In contrast, our results showed a small moderating effect for support from the baby's father, even after adjusting for maternal age, race/ ethnicity, and marital status. A North Carolina study of preterm birth found a small buffering effect for general social support on chronic stress (Dole et al. 2003 ), yet the same group reported no effect of support in a subsequent publication using a subset of the dataset from the earlier study (Dole et al. 2004 ). There are several important features of our study that differ from previous research, including the type of support we measured and the fact that the majority of our population was Latina. Our study focused only on support from the baby's father, which is suspected to be the most significant source of support in relation to prenatal stress (Rini et al. 2006) . However, the relative importance of different forms of support, especially within culturally diverse populations, may be important when interpreting study results and in planning intervention programs.
Studies suggested that non-Latino whites have large support networks of friends, but nevertheless derive emotional and material support primarily from their partners. In contrast, the extended family network is the primary source of support for Latinas (Campos et al. 2008; Sagrestano et al. 1999) . Recent immigrant women with fewer family members living nearby may receive more support from their husbands. In our study, more foreign-born Latinas reported receiving moderate-to-high support from the baby's father, compared to white non-Latina mothers, while US-born Latinas reported lower levels of support. Much of this difference is likely due to higher proportions of Whites and foreign-born Latinas being married, which is strongly associated with better birth outcomes and also highly predictive of partner support (Lee et al. 2006) . Consistent with other studies in Los Angeles (Zambrana et al. 1997) , we found that US-born Latinas reported more stress of all types than foreign-born Latinas, despite foreign-borns having lower household incomes and being less educated. Over 75% of the US-born Latinas completed our survey in English compared to only 15% of foreign-born Latinas, suggesting a large difference in degree of acculturation. Thus, it is likely that US-born Latinas may have adopted more American beliefs and values, which may influence how they perceive and internalize support and stress.
Recall bias is a potential limitation in all retrospective case-control studies. At the time of the interview, it is possible that mothers caring for a preterm baby may not accurately recall the degree of stress experienced during pregnancy. For measures of pregnancy anxiety and chronic stress, our estimates may be biased upward due to overreporting of stress with case babies. Furthermore, the mothers' assessment of support may also be biased based on their experiences post-delivery, but the direction of this bias is not easily predicted. Mothers were interviewed no more than 3-6 months after the baby's birth to reduce recall bias, and this might also have made the efforts and stress related to taking care of a baby-whether preterm or term-more similar than if we had interviewed them right after birth. Additionally, the pregnancy anxiety measures are more likely to be subject to case status bias because they ask specifically about the pregnancy and the baby. The chronic stress measures ask more generally about the woman's experiences during pregnancy, and we expect these measures to be less subject to recall bias.
Because study participants were recruited from all registered births based on birth certificate addresses, we were unable to contact a large proportion of the mothers, allowing for potential response bias in our study. We conducted extensive analyses comparing responders, nonresponders, and the overall birth cohort, and found few differences (Ritz et al. 2007) . It is plausible, however, that women caring for a preterm baby who experienced high stress were less likely to respond to our survey than those experiencing less stress and caring for a normal weight term baby. Such differential selection would negatively bias the stress measure associations and may explain our null and protective results for life event stress, or attenuate associations observed for chronic stress and pregnancy anxiety. In contrast to many existing birth outcome studies of social support and stress, ours is a truly population-based sample from a large birth cohort rather than a sample of women recruited from prenatal clinics and hospitals. We were able to recruit a large number of Spanish-speaking women (n=955 of the 2,543 EPOS participants), over 95% of whom were foreign-born. Selection bias is also a potential problem in clinic-based case-control studies when the control group is not representative of the base population. Also, pregnant women recruited from clinics may not be representative of all women giving birth in the population. Therefore, despite the potential for response and recall bias in our study, the use of a population-based birth cohort promises higher generalizability of results to similar source populations.
As with all birth-certificate-based studies, the data quality is a potential limitation, with gestational age information being somewhat problematic (Northam and Knapp 2006) . In our survey, we confirmed the date of birth of the child, but did not verify gestational age since we did not have access to medical records. A more accurate measure of gestational age would require ultrasound records from the first trimester, which are unlikely to be available in a large percentage of the women in our study with low socioeconomic status. Therefore, although the outcome assignment may be imperfect, our data may be the best available on a broad population level for a largely recent immigrant population with limited access to health care services.
In conclusion, our results suggest that support from the baby's father may mitigate or alleviate some of the effects of chronic stress on preterm birth. Because our study used a large population-based sample, and measured paternal support and several different types of stress, we were able to evaluate the relative influence of these different forms of stress and anxiety, along with the effect of paternal support. While the retrospective nature of our study may have introduced some bias, at minimum, our data may help to identify the women at highest risk for adverse outcomes, and inform intervention programs that address specific types of stress and pregnancy anxiety in immigrant populations. We recommend that future population-based studies cover a broader spectrum of stressors and social support to distinguish between the effects of source and type of support and stress on pregnancy outcomes among mothers from diverse cultures.
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